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Influence of excess weight on mortality and hospital stay in related to being underweight and ingesting poor nutri-
1346 hemodialysis patients. tion [1]. Previous reports indicate that being underweight
Background. Body mass index (BMI) at its extremes con- is a common finding in patients on hemodialysis [2]. Intributes to morbidity and mortality in the general population.
the general U.S. population, body weight is on the riseIts influence on morbidity and mortality in patients on hemodi-
alysis is not clearly defined. [3], but whether there is a change in the body weight
Methods. The BMI in 1346 patients attending limited-care pattern of patients on hemodialysis is not known. Excess
hemodialysis units across the state of Mississippi was deter- weight, if it is also becoming prevalent in the hemodialy-mined, and its relation to one-year mortality and hospital stay
sis population, may further contribute to the cardiovas-was assessed using the Cox proportional hazard model.
cular disease in this population. Alternatively, an in-Results. Of these patients, 89% were black, and 11% were
white. Thirty-eight percent of patients were overweight (BMI . crease in body weight in hemodialysis patients may
27.5), and 13% were underweight (BMI , 20). The highest indeed reduce morbidity and mortality in this popula-
(27.60 6 0.29, mean 6 se) and the lowest (24.54 6 0.48) BMI
tion, because several studies have directly linked under-were noted in black females and white males, respectively.
nutrition and underweight to the high morbidity andBMI, race, hematocrit (Hct), and biochemical markers of better
nutrition positively influenced the survival, whereas age, serum mortality on hemodialysis [2, 4–6]. We measured body
globulin, and diabetes had a negative influence. In a Cox multi- weight as body mass index (BMI) along with biochemical
variate analysis, BMI, age, diabetes, prealbumin, and creati-
measures of nutrition in our large hemodialysis popula-nine, but not race, serum albumin, Hct, or serum globulin,
tion, and their relationships to one-year mortality andretained significant influence on survival. Compared with the
normal weight (BMI between 20 and 27.5), the one-year sur- hospital stay was assessed.
vival rate was significantly higher in the overweight patients
and lower in the underweight patients. With a one-unit increase
in BMI over 27.5, the relative risk for dying was reduced by METHODS
30% (P , 0.04), and with a one-unit decrease in BMI below
In the cross-sectional part of the study, we first ob-20, the relative risk was increased by 1.6-fold (P , 0.01). Fur-
thermore, underweight patients had significantly lower levels tained information on patients’ demographics, BMI, and
of biochemical markers of nutrition and higher frequency and laboratory measurements. The inclusion criteria were
longer duration of hospital stay. that patients should be on dialysis for at least 90 days andConclusion. Adequate dialysis with special attention to
should not have had amputations. Of the 1623 patients inproper nutrition aimed to achieve the high end of normal
BMI may help to reduce the high mortality and morbidity in the limited-care hemodialysis units run by the Renal
hemodialysis patients. Care Group of Jackson, Mississippi, USA, 1346 patients
met the criteria. One-month computer data were ana-
lyzed. BMI was calculated by the standard formula (post-
Patients on hemodialysis continue to suffer from con- dialysis weight in kg/height in m2). Details were collected
siderable morbidity and mortality, which may be partly on patients’ hospital stay and survival on dialysis for the
next 12 months (December 1996 to January 1998). The
1 See Editorial, p. 1580. data were obtained for all the patients over the entire
observation period. The monthly census sheets filled byKey words: obesity, body mass index, mortality, dialysis, malnutrition,
African American. the nurses at each of the dialysis units were used to
determine causes, frequency, and the duration of theReceived for publication August 14, 1998
patients’ hospital admissions. The causes for admissionsand in revised form October 16, 1998
Accepted for publication November 19, 1998 were coded into cardiac, pulmonary, gastrointestinal,
neurologic, access related, and other causes. Cardiac 1999 by the International Society of Nephrology
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causes included the following: if the patients were hospi-
talized for angina, arrhythmia, chest pain, congestive
heart failure, fluid overload, myocardial infarction, pace-
maker insertion, pericarditis, or pulmonary edema. Pul-
monary causes were used for asthma, chronic obstructive
pulmonary disease, or pneumonia. Gastrointestinal causes
were recorded when admissions were for bowel obstruc-
tion, cholecystitis, pancreatitis, diverticulitis, gastroen-
teritis, gastric ulcer, gastrointestinal bleeding, or nausea
and vomiting. Vascular access-related admissions were
for access-site infection or access-related surgery. Neuro-
logical admissions were for carpal tunnel syndrome, cere-
bral aneurysm, confusion, strokes, epilepsy, meningitis,
Fig. 1. The body mass index (BMI) by groups: underweight (BMI ,and mental status changes. Causes were recorded as 20), normal weight (BMI 20 to 27.5), and overweight (BMI . 27.5).
“other” if the patients were admitted for peripheral vas- *P , 0.05 vs. the rest.
cular disease, trauma, including fractures, parathyroidec-
tomy, malnutrition, and fever of unknown origin.
For patients who died, death certificates from the coro-
ference. Relative risk (RR) was assessed by Cox propor-ner’s office were reviewed, and causes of death were
tional hazard model in univariate and multivariate modes.classified using the International Classification of Dis-
The survival was analyzed by the Kaplan–Meier method,eases codes. For patients with missing death certificates,
and the results are presented as cumulative hazard plots.the cause of death was coded as undetermined.
The average dialysis session in these patients was four
hours, three times a week, and patients were dialyzed RESULTS
with cuprophan (28%) or polysulfon (72%) dialyzers.
Patients’ characteristicsThe patients were prescribed a diet based on the follow-
Of the 1346 patients, 89% were black, and the resting allowances: protein, 1.1 to 1.5 g/kg; calories, 30 to 35
were white. The mean age was 56.1 6 0.4 years, andkcal/kg; sodium, 87 to 120 mEq/day; potassium, 1.1 to
46% were male. The reported causes of renal failure1.5 mEq/kg; phosphorus, less than 17 mg/kg. Additional
were hypertension (40%), diabetes (30%), glomerulone-nutritional supports in the form of high-protein or high-
phritis (11%), polycystic kidney disease (10%), and oth-protein and high-calorie supplements were also provided
ers, which included uncertain causes (9%). The patientsto individual patients whose weight was less than 80%
had been on hemodialysis for an average of 4.3 yearsof their ideal body weight (IBW), if they had more than
(range: 0.3 to 25.0 years).3 kg of weight loss in a month, and/or their serum albu-
min was less than 3.5 g/dl. Registered dietitians followed
Body mass indexthe patients at monthly intervals.
The mean BMI for all patients was 26.7 6 0.18. For
Classification of body weights females, it was 27.41 6 0.27, and for males, it was 25.57 6
0.22. The black patients had a significantly (P , 0.001)Overweight was defined based on the National Health
higher BMI (26.78 6 0.20) than the white patients (25.21 6and Nutrition Examination Surveys III (NHANES III)
0.41). Black females had the highest BMI (27.58 6 0.29),criterion of a BMI more than 27.5 [3]. A BMI less than
and white males had the lowest BMI (24.53 6 0.48).20 was defined as being underweight, and 20 to 27.5 was
The frequency distribution for BMI of all of the pa-considered to be normal weight. Our patients fell into
tients is given in Figure 2, and the same split by race isthree distinct groups according to this definition, with
displayed in Figure 3. The BMI of blacks divided ac-statistically different BMI (Fig. 1).
cording to gender is given in Figure 4, and the same for
Statistical analysis whites is provided in Figure 5. More than one third of
the patients (38%) were overweight by the NHANESStatView computer software program from Abacus
III criterion of a BMI more than 27.5 (Fig. 2), whereasConcepts, Inc. (Berkley, CA, USA) was used for data
the prevalence of underweight (BMI , 20) patients wasanalysis. The data are reported as mean 6 sem or mean
13%. Thus, our patients on hemodialysis were three(95% CI), and a P # 0.05 was considered statistically
times more likely to be overweight than underweight. Ifsignificant. The comparison between two groups was car-
a more stringent criterion for excess weight was applied,ried out by Student t-tests or Fisher’s exact test, and
using a BMI of $ 30, a quarter (24.4%) of the populationmultiple groups were analyzed by analysis of variance,
followed by Fishers’ Procedure for Least Significant Dif- would still be overweight. Being overweight was more
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Fig. 2. The frequency distribution of body mass index (BMI) in all the
1346 patients on hemodialysis.
Fig. 4. The frequency distribution of body mass index (BMI) by gender
in (A) female and (B) male African American patients.
prevalent in blacks, especially black females (Figs. 3, 4
and 5). Although there was no overall relationship be-
tween age and BMI, BMI tended to be higher in younger
patients. The BMI for all patients showed a slightly nega-
tive correlation with duration on dialysis (20.001, P ,
0.001). Within the subgroups, there was a slightly nega-
tive correlation between BMI and the duration on dial-
ysis in the normal weight group (20.002, P , 0.002).
BMI, however, did not show any correlation with dura-
tion in the underweight or overweight category.
Influence of body mass index on survival
There were 169 deaths at 12 months of follow-up,
which amounted to 8.5% annual mortality. The causes
of death divided for each BMI category are given in
Table 1. The leading cause of death across the groups
was cardiovascular disease, followed by sepsis and malig-
nancy. Cardiovascular causes for death were insignifi-Fig. 3. The frequency distribution of body mass index (BMI) by race
in (A) African Americans and (B) Caucasians. cantly higher in the overweight group. Fisher’s exact test
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Fig. 6. The frequency distribution of body mass index (BMI) in de-
ceased patients.
Table 2. Cox proportional univariate analysis: Factors influencing
survival of patients on hemodialysis
Mean6sem
Variable or % r RR (95% CI) P value
Age 56.160.4 0.03 1.04 (1.02–1.05) ,0.0001
Female 54 0.02 1.02 (0.76–1.39) 0.88
African American 89 20.50 0.61 (0.40–0.92) ,0.02
BMI 26.760.2 20.05 0.94 (0.92–0.97) ,0.0001
Serum albumin 4.01 60.01 21.034 0.36 (0.25–0.51) ,0.0001
Serum pre-albumin 33.760.2 20.06 0.94 (0.93–0.96) ,0.0001
Serum globulin 3.20 60.02 0.27 1.31 (1.01–1.69) 0.03
Serum creatinine 12.860.1 20.16 0.85 (0.81–0.89) ,0.0001Fig. 5. The frequency distribution of body mass index (BMI) by gender
Hct 34.860.1 20.04 0.95 (0.93–0.99) ,0.009in (A) female and (B) male white patients.
Diabetes 30 0.34 1.41 (1.03–1.93) 0.04
Kt/V 1.4460.01 20.2 0.82 (0.44–1.53) 0.53
URR 69.460.2 0.001 1.0 (0.98–1.2) 0.90
Table 1. Causes of death, presented as % of death
in each BMI category
UW NW OW
% of death Table 3. Cox proportional multivariate analysis
Cardiovascular 50 57 63 Variable r RR (95% CI) P valueInfection 12 9 17
Malignancy 3 6 4 Age 0.03 1.04 (1.02–1.05) ,0.0001
Pulmonary 3 3 0 African American race 20.40 0.67 (0.42–1.05) 0.09
Gastrointestinal 3 3 4 BMI 20.05 0.96 (0.93–0.99) 0.0075
Renal failure related 6 3 8 Albumin 20.29 0.75 (0.46–1.21) 0.24
Diabetes mellitus related 6 3 0 Pre-albumin 20.02 0.98 (0.96–1.00) 0.05
Autoimmune disease 3 1 0 Globulin 0.16 1.17 (0.89–1.54) 0.27
Intoxication 3 1 0 Creatinine 20.07 0.93 (0.88–0.99) 0.018
Trauma 2 1 0 Hct 20.01 0.99 (0.05–1.02) 0.47
Dementia 0 1 0 Diabetes 0.34 1.41 (1.03–1.93) 0.05
Sickle cell disease 0 1 0
Factors found to significantly influence the patient’s survival in univariateUndetermined 9 11 4 analysis (Table 2) were included in the multivariate analysis. Age, parameters
of nutrition such as BMI, pre-albumin, creatinine, and presence of diabetes wereSee Methods section for details on catetories. By Fisher’s exact test, there
independent predictors of survival. The positive influence of race, serum albuminwas no significant difference among the groups.
or Hct or the negative influence of serum globulin on survival was lost when
adjusted for the remaining variables.
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Fig. 7. Kaplan-Meier cumulative hazard plots for the underweight (h),
normal weight (d), and overweight groups (m). (A) All of the patients
(P , 0.0008). (B) African Americans (P , 0.0045). (C) Caucasians
(P , 0.04).
revealed no significant differences in the causes of death multivariate analysis (Table 3), BMI, age, diabetes, pre-
albumin, and creatinine, but not race, serum albumin,among the three subgroups. The BMI distribution of
patients who died showed that a lower BMI was associ- Hct, or serum globulin, retained significant influence on
survival. Compared with the normal weight patientsated with higher death rate, with the converse true for
the overweight patients (Fig. 6). (BMI 5 20.0 to 27.5), the one-year survival was signifi-
cantly higher in overweight (BMI . 27.5) patients andOf the 1177 patients who were alive, six were trans-
ferred to continuous ambulatory peritoneal dialysis, 70 lower in underweight (BMI , 20) patients (Fig. 7A). A
one-unit decrease in BMI below 20 was associated withwere lost to follow-up, and 12 had received a transplant.
The surviving patients were censored at 12 months, at the a 1.6-fold increase (P , 0.01) in the relative risk (RR)
of dying. In contrast, a one-unit increase in BMI overtime of transplant, at the time of transfer to continuous
ambulatory peritoneal dialysis, or at the time they were 27.5, the RR for dying was reduced by 30% (P , 0.04).
The survival advantage of being overweight was demon-lost to follow-up. By Cox proportional univariate analy-
sis, survival was positively influenced by BMI (a one- strable in the black population (Fig. 7B), but not in the
white population (Fig. 7C). The striking finding acrossunit increase was associated with a 6% reduction in mor-
tality, P , 0.0001), black race, Hct, and biochemical the race and gender was that being underweight was
clearly associated with a reduced survival. This was themarkers of better nutrition such as serum prealbumin,
albumin, transferrin, and creatinine (Table 2). Age, se- case even when the survival was re-analyzed with “nor-
mal weight,” redefined by a narrow range of 24 to 27rum globulin, and diabetes had a negative influence on
survival, whereas gender, URR, Kt/V, or serum total BMI. Every unit of decrease in BMI was associated with
an increase in RR to 1.58 (P , 0.03), and a unit increaseprotein had no significant influence. By Cox proportional
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Fig. 8. Frequency (A) and duration (B) of hospitalization for underweight, overweight and normal weight patients. *P , 0.05 vs. the rest.
Table 4. Reasons for admissions, presented as % of patients in overweight patients and lowest in the underweight
admitted in each BMI category
group (Fig. 9). Serum ferritin, the inflammation-associ-
UW NW OW ated protein, was significantly higher (P , 0.01) in under-
Admitted for % of patients P values weight patients (757 6 140) than in normal weight (568 6
37) or overweight (478 6 31) patients. Mean serum albu-Cardiac 20 16 21 NS
Pulmonary 21a 11 11 a ,0.01 vs. the rest min in each group was well within normal limits, includ-
Gastroenterology 12 11 8 NS ing the underweight group (3.90 g/dl), although in thisNeurology 4 3 3 NS
group, albumin was slightly but statistically lower thanVascular access-related 25a 17 22 a ,0.02 vs. NW
Other 37a 26 31 a ,0.02 vs. NW the rest (P , 0.01 vs. normal weight and underweight).
See Methods section for details on admission categories. P values are based Serum phosphate levels and age of the patients were not
on Fisher’s exact test. NS is not significant. different among the groups.a P vs. the rest
DISCUSSION
in BMI was accompanied by an insignificant reduction In our study population, who were primarily of the
in RR to 0.93. African American race, nearly one half of the population
was overweight, with a little over one tenth being under-Influence of body mass index on
weight. Although underweight and under nutrition werepatients’ hospital admission
strong and independent predictors of death on dialysis,
The time to first hospitalization was censored, and in the unexpected finding was that the relative risk for dying
the Cox model the RR for hospitalization was deter-
in these patients was reduced with an increase in BMI
mined. Compared with normal weight patients, RR of
beyond the higher end of “normal” BMI. Furthermore,hospitalization was significantly increased in under-
patients who were overweight showed biochemical evi-weight patients by 1.31-fold (95% CI, 1.04 to 1.64, P ,
dence for better nutrition than normal weight patients,0.023). The RR in overweight patients was 1.09-fold
and they did not show evidence for increased morbidity(95% CI, 0.92 to 1.28, P 5 NS). By analysis of variance,
compared with normal weight patients during the one-the duration and frequency of hospitalization (Fig. 8A,
year follow-up period.B, respectively) were significantly higher in underweight
Body mass index evaluates weight and height to deter-versus normal weight and overweight patients. The causes
mine body composition. There is a direct relationshipfor the hospitalization divided by BMI categories are given
between BMI and body weight as well as body fat. Ourin Table 4. Underweight patients were admitted more
finding that a large number of patients on hemodialysisfrequently for pulmonary, vascular access-related, and
were overweight is a reflection of similar changes in“other” categories.
the U.S. population at large [3]. For instance, the black
Comparison of measurements among body mass cohort from Mississippi in the Atherosclerosis Risk in
index-based subgroups Communities study had a similar BMI profile as in the
black patients in this study [7]. In the AtherosclerosisBiochemical measures of nutrition such as serum pre-
albumin, transferrin, and creatinine levels were highest Risk in Communities study, the 50th and 90th percentile
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Fig. 9. Biochemical measures of nutrition, serum prealbumin (A),
transferrin (B), and creatinine (C) in underweight, overweight, and
normal weight patients. *P , 0.05 vs. the rest.
BMI in 55-year-old blacks were 29.5 and 40, respectively, and better nutrition rather than the race alone support
this view; that is, higher BMI and better nutrition are thevalues which were similar to ours of 27.8 and 40. Further-
more, because there was a negative relationship between key determinants of survival in patients on hemodialysis.
The relationship among BMI, lipid profiles, and survivalBMI and duration on dialysis, these patients could not
have gained weight simply by being on dialysis. was not analyzed in this study. However, previous studies
have reported a better survival in hemodialysis patientsAlthough high BMI has been emphasized as a strong
risk factor for morbidity and mortality in the general with higher atherogenic lipid profiles, again underscoring
the possible overriding influence of nutrition on survivalpopulation, a recent study suggests that a higher BMI
in certain age groups may not necessarily be associated [9–11].
Although our data suggest that a higher BMI is associ-with higher morbidity and mortality [8]. Our finding that
BMI retained its positive influence on survival even after ated with reduced morbidity and mortality, it is possible
that, in the long run, overweight patients may suffer fromadjusting for the biochemical markers of nutrition
prompts us to speculate that in uremic patients higher more cardiovascular consequences. Furthermore, it is
unclear from the current data whether there was anyBMI, through mechanisms beyond better nutrition, may
offset part of the adverse effect of uremia on morbidity significant change in BMI over the one-year study period.
Therefore, extended observations with sequential mea-and mortality. Overweight patients have an increase in
adipose tissue and, therefore, are less likely to suffer surement of BMI are required to verify our findings and
to test the hypothesis that overweight, possibly by virtuefrom energy deficits. Arguably for this reason, we found
that underweight patients on hemodialysis were more of excess adipose tissue, may offer a survival advantage
in uremic patients.likely to fall ill or tended to recover more slowly from
illness than the normal weight or overweight patients. In summary, data from a predominately black popula-
tion demonstrate that there are more overweight patientsFurthermore, our data that the survival advantage of
blacks on hemodialysis may relate to their higher BMI on hemodialysis than underweight patients. The findings
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